4 3. E l e c t r o n i c s .
. .
.1 x /y D i g i t i z e r s , S c a l e r s , and R e g i s t e r s .
3.2 tixfby Pickup, S c a l e r s , and R e g i s t e r s . . . This r e p o r t gives the f i r s t description of the SMP h a r d w a r e and the design of a bubble c h a m b e r data-analysis s y s t e m b a s e d on i t s u s e . The basic philosophy of the design of the data-analysis s y s t e m was outlined in UCRL P h y s i c s Note 326. The b a s i c philosophy of the design of the i n s t r um e n t itself w a s s e t down i n UCRL P h y s i c s Note 223, entitled "A Proposed Device f o r the Rapid M e a s u r e m e n t of Bubble Chamber F i l m . I s That l a t t e r document w a s written while the ideas w e r e being formulated, in o r d e r to have a w r i t t e n description of the machine available f o r the meeting in Novemb e r 1960, on high-speed f i l m -m e a s u r i n g devices, a t Brookhaven. With one exception, the p r e s e n t machine embodies ideas that w e r e outlined i n Physics Note 223. The exception h a s t o do with the way i n which the projected image and the b e n c h -m a r k plate a r e made t o move relative to e a c h o t h e r . The o r i ginal proposal w a s to have two plates executing oscillatory motions in t i m e and space quadrature, with the image fixed relative to the table. L a t e r i n the writing of that r e p o r t , a s the i d e a s developed, the two plates w e r e combined into a single plate, which executed a c i r c u l a r type of n o t i o n . At the meeting, but too l a t e to be included in the document, the author described a variation i n which the plate w a s kept fixed, but the i m a g e was rotated in the s a m e m a n n e r relative t o the table and to the stationary benchmark plate. (See Appendix. ) With that proposal, the ''shaky table'' c e a s e d to have vibrational problems.
On returning t o B e r k e l e y , the author found that M r . Arnold J . Schwemin had independently devised a way t o produce the relative motion of image and stationary bench-mark plate. I t did away with the e a r l i e r need for four f i l t e r s to distinguish the various signals, and t o "find the n a m e q s of the bench m a r k being used. M r . SchweminPs solution t o the relative-motion problem was s o c l e a r l y s u p e r i o r to any previous proposals by the author that we abandoned the e a r l i e r work on oscillating bench-mark plates (which w a s d e s c r i b e d a t t h e Brookhaven meeting), and proceeded with the developments described i n the body of this r e p o r t .
All the other b a s i c i d e a s i n P h y s i c s Note 223 have been incorporated i n the p r e s e n t machine :
(a) the c o a r s e digitizer t o identify the bench m a r k ( a n analog s e n s o r was proposed, but a picket-fence two-way counter i s u s e d ) ;
(b) A movable hole i n a "double window shade" ( t h i s was t h e b e t t e r of the two s c h e m e s proposed); ( c ) The lucite b e n c h -m a r k plate, with light pipes leading to photomultipliers ("frosted" bench-mark c i r c l e s w e r e suggested, but polished conical indentations have proved to be m o r e efficient in "capturing the light") ( d ) fine digitizers on the rotating m e c h a n i s m , and addition of c o a r s e and fine coordinates to give the a c c u r a t e position of a segment of t r a c k ;
( e ) multiple tables on line to a single computer.
The r e s t of this r e p o r t i s a description of work done by Arnold J . Schwemin, Ronald Zane, and t h e i r c o -w o r k e r s . They have asked m e to w r i t e t h i s introduction a s a bridge between the original r e p o r t and t h i s new r e p o r t of t h e i r s . ( F o r a m o r e detailed description of the b a s i c design philosophy, the r e a d e r i s r e f e r r e d t o P h y s i c s Note 2 2 3 . ) I a m greatly indebted t o t h e m f o r the ingenuity they ha.ve brought to b e a r on this p r o b l e m , and for the convincing m a n n e r i n which they have shown that a somewhat t h e o r e t i c a l p r op o s a l could be t u r~e d into a working r e a l i t y .
. DESCRIPTION OF THE SMP
Before a n outline i s given of the techniques u s e d t o e x t r a c t the bubble coordinates f r o m the f i l m , i t will be e a s i e r for the r e a d e r i f he i s f a m i l i a r with the g e n e r a l description of the machine.
A film p r o j e c t o r with 2 long-throw o r slightly divergent light path i s mounted above the scanning table, giving a 16X projection r a t i o . A moving c u r t a i n mounted on r a i l s and r o l l e r s becomes the scanning table. This c u rt a i n h a s a moving hole which the o p e r a t o r o r scanner d r i v e s along a t r a c k t h a t h e wishes to digitize. Under the hole i s a s m a l l rotating magnetic d r u m a n d optical s y s t e m . The d r u m i s d r i v e n at 1800 r p m by a s m a l l pancake synchronous h y s t e r e s i s m o t o r . The o u t e r s u r f a c e of the d r u m h a s a coated s u r f a c e of magnetic m a t e r i a l on which a r e permanently r e c o r d e d four t r a c k s of 6 x and 6 y coordinates. A f o u r -t r a c k pickup head i s u s e d to r e a d t h e s e out t i c a l s y s t e m i s placed a b e n c h -m a r k plate. The plate s e r v e s two p u r p o s e s . I t contains accurately spaced m a r k s s e p a r a t e d by 1-cm i n t e r v a l s i n both x a n d y coordinates. Second, i t a c t s a s a light pipe. When the rotating image of a t r a c k i s swep? over a bench m a r k , the bench m a r k a c t s as a s l i t a s c u s t o m a r i l y used on d a t a reduction devices. The light i s t r a p p e d in the plate and d i r e c t e d t o a multiplying phototube. See Fig. 1. A m e t a l f r a m e encloses the b e n c h -m a r k plate and photomultipliers t o keep out extraneous light and to s e r v e a s a f r a m e on which a r e mounted t h e c u r t a i n s and c o a r s e d i g i t i z e r s a 
. 1 F i l m P r o i e c t o r
The p r o j e c t o r u s e d i s a modified Bensen-h r n e r " O s c a r t g f i l m p r oj e c t o r . The original projection l e n s e s w e r e removed and a Wollensak 8.5-in. f 2 -5 projection lens substituted. A hole 12 in. s q u a r e was cut in t h e ceiling and the i m a g e projected through t h i s hole to the top of the scanning table. The p r o j e c t o r mounts horizontally and i s rigidly supported approxi m a t e l y 4 f e e t above the ceiling by a wooden f r a m e . The negatives used w e r e on 35 -m m f i l m f r o m the 15-inch bubble c h a m b e r , since t h e p r o j e c t o r handles only this s i z e . ( T e s t s on 72-in. bubble chamber film w e r e made by placing the f i l m manually under the film platen. ) The projector i s remotely controlled f r o m the o p e r a t o r ' s console. The distance f r o m the p r o j e c t o r t o the scanning table top i s 12 f e e t . With X 16 magnification, t r a c k s through the 15 -inch bubble c h a m b e r a r e approximately 1 7 in. long. The principal r e a s o n s f o r the mounting a r r a n g e m e n t u s e d a r e : f i r s t , with a long projection throw t h e depth of focus a t the image plane i s g r e a t enough t o focus on the b e n c h -m a r k plate and a t t h e s a m e t i m e have a well-focused and c l e a r i m a g e on t h e scanning table top; second, no m i r r o r s a r e used to fold up the light path, thus eliminating one of the principal c a u s e s of distortion of the image; t h i r d , the long projection throw gives an image produced by light that i s only slightly divergent ( 3 -1/2 " at the beginning and end of a 17 -in. -long t r a c k ) .
The s m a l l angle of divergence i s n e c e s s a r y in the p r e s e n t design i n o r d e r t o eliminate p a r a l l a x cutoff through t h e optical s y s t e m under the moving m a s k . Table   This 
-The Scanning and Measuring

a . F r a m e
The f r a m e was designed t o s e r v e both a s a rigid m e m b e r on which a r e mounted the r a i l s , c u r t a i n , c u r t a i n r o l l e r s , b e n c h -m a r k plate, e t c . , and a s a lighttight box. The box i s made f r o m 1/4-in. aluminum plate that i s h e l i a r c welded on a l l s e a m s . It m e a s u r e s 17,5 i n . high, 23 in. long, and 22.5 in. wide. The top i s left open and the aluminum plate edges a r e m achined flat and s q u a r e . T h e r e a r e two a c c e s s doors on t h e box, both having labyrinth light s e a l s on t h e i r edges. One door on the bottom i s f o r a c c e s s to t h e photomultipliers and a s s o c i a t e d e l e c t r o n i c s and the other on the front f o r placement of a light a b s o r b e r . The box was sandblasted on the inside and painted a dull black. F o u r m e t a l desk-type legs a r e bolted to the bottom c o r n e r s of the box and anchored t o t h e concrete floor by l a g s c r e w s i n l e a d plugs ( F i g . 2 ) . Rigidity m e a s u r e m e n t s w e r e made by mounting a dial indicator on t h e top l i p of the box. A f o r c e of approximately 3 0 l b w a s applied t o the Fig, 2 , The scanning and measuring table.
-6 -UCRL-10109 opposite side of t h e box to obtain 0.005 in. deflection. Since the n o r m a l p r e s s u r e e x e r t e d on the box under operating conditions i s on the o r d e r of 3 t o 4 oz, the horizontal deviation would be extremely s m a l l .
2.2.b. R a i l s
T h e r e a r e two s e t s of r a i l s u s e d to c a r r y the c u r t a i n s and d r u m . One s e t is mounted on the machined s u r f a c e on the t o p of the box. These r a i l s a r e f o r motion i n the x coordinate direction. The second s e t of y coordinate r a i l s i s made to r o l l i n the f i r s t s e t of r a i l s . The second s e t i s used to c a r r y the d r u m and optics. Both s e t s of r a i l s contain 1/32-in. s l i t s 1/4 in. deep i n which the c u r t a i n s slide. T h e s e work satisfactorily a s light b a r r i e r s . Both s e t s of r a i l s a r e machined f r o m h a r d aluminum and blackanodized. The w h e e l s u s e d on the r a i l s a r e 3/8-in. o. d. ball bearings with 1/8 in. inside d i a m e t e r . The b e a r i n g s a r e spring-loaded against the r a i l s to r e m o v e all m e c h a n i c a l shifts. Horizontal p r e s s u r e on the o r d e r of 5 lb i s r e q u i r e d t o o v e r c o m e t h e spring loading on the b e a r i n g s .
. . c . C u r t a i n
Since we w i s h t o m e a s u r e with r e s p e c t to a single bench m a r k at a t i m e , we m u s t k e e p light f r o m reaching the b e n c h -m a r k plate except in the vicinity of a p a r t i c u l a r bench m a r k . The m o s t obvious way to do t h i s i s to have a "two-dimensional focal-plane shutter" a r r a n g e d a s shown i n F i g . 3 .
The c u r t a i n is a thin sheet of M y l a r . The sheet i s f i r s t made opaque by aluminizing i n a vacuum c o a t e r . The top i s then painted white t o give a good scanning table s u r f a c e and the bottom i s painted black t o become a light a b s o r b e r . The t o t a l t h i c k n e s s , a f t e r painting, i s on the o r d e r of 0.006 i n . The c u r t a i n s a r e cut to p r o p e r s i z e and attached to the moving r a i l s and d r u m housing with a lighttight s e a l . R o l l e r s a r e provided on the edges of the box t o p e r m i t the c u r t a i n t o r o l l over the edge without scraping o r being damaged.
-. d. Bench m a r k plate
This plate m e a s u r e s l 9 X 1 9~3 /~6 i n . The m a t e r i a l i s plexiglass selected t o be f r e e f r o m s c r a t c h e s and polished on a l l four e d g e s .
F o u r light pipes a t t a c h the plate to four photomultipliers. The light pipes a r e folded t o reduce t h e physical s i z e of the t a b l e . The bench m a r k s a r e highly polished cones machined in the plexiglass with a specially m a d e engraving c u t t e r . T h e cone angle i s 82" so that the polished edge i s l e s s than c r i t i c a l t o light r a y s entering the plate f r o m the projection s y s t e m . This s y s t e m d i r e c t s the light picked up f r o m the bench m a r k s a t a n angle inside the plate t h a t r e q u i r e s a minimum number of. bounces before reaching the photomultipliers. The d i r e c t light f r o m the p r o j e c t o r when striking the plate i s not t r a p p e d i n the plate but m e r e l y p a s s e s through'it and i s a b s o r b e d below. Only w h e r e the light s t r i k e s a cone o r m a r k i s i t trapped i n the plate. The bench m a r k s a r e machined on a 1 -c m -s q u a r e g r i d over the e n t i r e a r e a of the plate to a n a c c u r a c y of 2 5 m i c r o n s . The d i a m e t e r of the bench m a r k s i s 0.023 i n . , o r slightly l e s s t h a n the t r a c k width o r s i z e of a bubble on the table. B e c a u s e of t h e high expansion coefficient of plexiglass ( 7 . 5~1 o -~ p e r " C ) F i g . 3 . Two-dimensional curtain (focal-plane shutter).
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it i s n e c e s s a r y to maintain t h e plate a t a fairly even t e m p e r a t u r e during the drilling p r o c e s s . Since t h e expansion i s the &me in both x and y d i r e ctions, no t e m p e r a t u r e stability requirements a r e needed when measuring since m e a s u r e m e n t s a r e done i n space f r o m the coordinates of the fiducial m a r k s on the f i l m .
. . e . C o a r s e digitizers
T h e r e a r e two c o a r s e d i g i t i z e r s attached to the moving r a i l s to give a rough position for the c e n t e r of the optical a p e r t u r e or m a s k . The digitizers a r e picket fences photographed on a Mylar-base film and glued t o a piece of 1/32-in. plexiglass. The f e n c e s a r e 1/3 in. wide with 16 pickets p e r c m . This c o r r e s p o n d s t o eight opaque and eight c l e a r s t r i p s . Two s m a l l pin-lite bulbs, 0.020 i n . i n d i a m e t e r and 1/16 long, a c t a s a slit light s o u r c e . Directly below each pin lite under t h e picket fence a r e laced 1N2 175 photodiodes.
The pin l i t e s and photodiodes a r e s e p a r a t e d by 1 f' 4 in. The mountings for the pin l i t e and photodiodes a r e m a d e s o they can be rotated a few d e g r e e s in o r d e r to change the phase angle of the output signals.
. . f . Rotating d r u m
The magnetic d r u m i s contained i n the housing which rolls on the x and y coordinate r a i l s . The m o t e r that rotates the d r u m i s of the synchronous h y s t e r e s i s type. It i s a single-phase 2-pole 1800-rpm motor built t o have a v e r y low t e m p e r a t u r e r i s e . 
ELECTRONICS
The electronics p o r t i o n of the machine c o n s i s t s of: Instrumentation t o roughly m e a s u r e the x a n d y coordinates ( x and yc) of the "hole" o r "iris" C c e n t e r ; instrumentation t o produce the instantaneous x and y c o o rdinates ( 6 x and 6 y) of the p e r i s c o p e -t r a n s l a t e d i r i s center relative to the r e a l i r i s c e n t e r ; c i r c u i t r y t o produce a "strobe" on some portion of a t r a c k ; a m e a n s of entering r e q u i s i t e indicative information; and a m e a n s of preventing redundant r e m e a s u r e m e n t of the s a m e points, along with other controls.
xc/yc D i g i t i z e r s , S c a l e r s , and R e g i s t e r s
The output c u r r e n t s f r o m the photodiodes of the xc and yc digitizers a r e fed into d. c . amplifier s which i n t u r n feed L . d . c . bistable multivibrat o r s . The 90" phase-shifted signals a r e used t o d r i v e a F e r r a n t i -t y p e r eversible s c a l e r 11 bits in length. Resetting of both xc and yc r e v e r s i b l e s c a l e r s i s accomplished b y t r a n s l a t i n g the d r u m and i r i s a s s e m b l y to the lower right c o r n e r of the SMP table, whereupon a microswitch i s actuated which c a u s e s the s c a l e r s t o r e s e t to a number corresponding to the i r i s d i splacement f r o m the lower right-hand c o r n e r bench m a r k . P r o v i s i o n i s m a d e f o r the introduction of a s t r o b e to t r a n s m i t the contents of the xc and yc s c a l e r s into r e g i s t e r s provided for t h i s purpose.
Simple l i n e a r gratings and r e v e r s i b l e s c a l e r s w e r e chosen f o r c o a r s e digitization r a t h e r than a coded p a r a l l e l read-out because the l i n e a r grating greatly simplified the alignment and dimensional problems associated with the digitizing pickup head a s sembly .
3.2 bx/by Pickup, S c a l e r s , and R e g i s t e r s
The 6x and by a r e i n r e a l i t y trigonometric functions. They a r e R cos 8 and R s i n e , respectively, w h e r e R i s the radius of the rotating periscope and 8 i s the instantaneous angle a t which it i s situated. The s m a l l e s t inc r e m e n t a l value of bx and6y i s chosen to c o r r e s p o n d to the "least count!' of the device. This " l e a s t count" i s approximately 1/128 c m o r 78 m i c r o n s . 6x and 6y a r e generated by driving two r e v e r s i b l e s c a l e r s with a t r a i n of pulses f r o m each of two t r a c k s on a magnetic emulsion on the surface of the d r u m a s s e m b l y . These p u l s e s a r e spaced according t o a sine function and a r e shifted 1/4 revolution i n o r d e r t o distinguish between sine and cosine. Two other t r a c k s on the s a m e emulsion contain pulses to identify quadrants, thus producing information which c a u s e s the 6x and 6y s c a l e r s t o r e v e r s e a t the proper t i m e and simultaneously produces signals depending on the quadrant.
The s c a l e r s a r e 9 bits in length. P r o v i s i o n i s made f o r the introduction of a strobe t o t r a n s m i t the contents of the bx and 6y s c a l e r s into r e g i s t e r s p r ovided f o r t h i s purpose. Alignment of the optical c e n t e r radius a r m with the 6x/by recordings i s simplified by m e r e l y mounting the periscope i n a slightly advanced position and perfor-ning the final c r i t i c a l adjustment electronically by introducing a p r e c i s e delay (100 to 200 p s e c ) into the pulse c e n t e r s t r o b e c i r c u i t r y .
. Strobe Generation
The light signals which a r e t r a n s m i t t e d through the rotating p e r i s c o p e a r e swept by the rotating p e r i s c o p e a c r o s s one bench m a r k at a t i m e . Since
------
the bench m a r k s a r e s m a l l e r than the t r a c k s ( o r the s a m e s i z e , 0.020 inch), the light t r a n s m i t t e d by the bench-mark plate through the light pipes and into the four photomultipliers i s interrupted whenever a bench m a r k i s not under the end of the rotating p e r i s c o p e o r whenever the light i s obscured by the i-nage of a t r a c k . The signals out of the photomultiplier a m p l i f i e r s a r e s i mi l a r to those shown in F i g . 4 .
T h r e e different methods of generating a "strobe" f o r t r a c k c e n t e r s have been developed: a. The f i r s t method involves the u s e of t h r e e c o m p a r a t o r s and two s t o r e s . 
The c e n t e r , t h e r e f o r e , i s taken a s the point midway between a " s t a r t " edge, generated when the pulse exceeds s o m e a r b i t r a r y level, and a "stop" edge, generated when the pulse falls below the s a m e level. A s t r o b e pulse can be generated a fixed t i m e a f t e r this midpoint i f a r a m p of fixed slope i s s t a r t e d at the " s t a r t s Y edge and doubled in slope at the "stop" edge. The s t r o b e i s given when the final r a m p c r o s s e s the z e r o level. The r a m p generator "times out" without doubling i t s slope i f the "stop" pulse does not occur within a predetermined t i m e dependent on the voltage swing, and slope, of the r a m p g e n e r a t o r . This c a n be used to a.dvantage to prevent s t r o b e s f r o m being given for abnormally long t r a c k pulses o r f o r the long d a r k s p a c e s between the pedestals. c . A t h i r d c i r c u i t accomplishes the s t r o b e generation by delaying the photomultiplier output s i g n a l s by 100psec and then using a comparator t o s e n s e the i n t e r s e c t i o n of t h e delayed and undelayed signals. The i n t e r s e c t i o n o c c u r s midway between the delayed and undelayed pulse c e n t e r s i f the pulses a r e s y m m e t r i c a l .
At p r e s e n t , t e s t s a r e being conducted to d e t e r n i n e which c i r c u i t will produce the best r e s u l t s under a wide variety of signal conditions.
-4 Indicative Data
The n e c e s s a r y indicative data i s now provided by eight octal switches and s o m e other o p e r a t o r -c o n t r o l l e d switches. In a proposed computer-controlled s y s t e m , d e s c r i b e d below, t h e s e data will be provided on a typewriter keyboard.
: 5 Elimination of Redundant Measurement
If no 'slockout'9 w e r e provided, the rotation of the d r u m might produce five o r m o r e coordinate m e a s u r e~n e n t s p e r revolution r e g a r d l e s s of whether o r not the i r i s was being t r a n s l a t e d to new locations. T h e r e f o r e i t i s nece s s a r y t o monitor t h e xc and yc s c a l e r s to allow m e a s u r e m e n t of one r e volution of m e a s u r e d data each t i m e xc o r yc changes by a p r e s e t amount. The o p e r a t o r i s provided with a lockout o v e r r i d e in c a s e multiple m e a s u r ements a r e r e q u i r e d . Other o p e r a t o r controls a r e provided a s deemed nece s s a r y , but i t i s not d e s i r a b l e to enumerate t h e m in detail in t h i s r e p o r t .
D i r e c t Data Connection t o IBM 709
Provision h a s been m a d e to enable the IBM 709 to sample the output r e g i s t e r s of the SMP at i t s convenience following a signal indicating that new d a t a have been t r a n s m i t t e d t o the output r e g i s t e r s . P r e s e n t plans c a l l for operation of a .ilultiple m e a s u r i n g -m a c h i n e s y s t e m under the d i r e c t control of a n IBM 709 o r 7090. The u s e of a n "on line" computer i UCRL-10109
I t e m s b, c , and d may be f o r e i t h e r t r a c k o r fiducial m e a s u r e m e n t s .
The c o m p u t e r ' s f i r s t iob is t o convert i t e m
. 2 Localization of Bench M a r k
The f i r s t s t e p i n establishing the r e a l coordinates of the t r a c k in question c o n s i s t s in establishing the identity of the bench m a r k which h a s I I seen" the t r a c k . This i s accomplished a s follows ( s e e F i g . 5 ) . 
c . Since qx i s known to consist of whole-centimeter i n c r e m e n t s and i s known t o be m o r e a c c u r a t e than the l e a s t count of the machine, we m a y throw out t h e fractional portion of the number found in s t e p ( b ) , r e t a i ning only that portion t o the left of the final point and assuming the f r a ctional portion t o be z e r o .
The number remaining i s qx, the coordinate of the bench m a r k that produced t h e data s t r o b e .
. 3 Computation of T r a c k Coordinate
Since qx/q ( b e n c h -m a r k coordinate) is now known, the only r e m a i n -Y ing s t e p i s to calculate the coordinates of the point on the t r a c k whose c r o s sing of the bench m a r k a t q,, qy produced the data s t r o b e . By considering the geometry of the situation ( s e e F i g . 6 ) one s e e s that t h e s e coordinates a r e simply X = q -6x, X where x and y a r e the coordinates on the t r a c k .
E l e c t r o n i c Flow C h a r t
Sequences and i n t e r r e l a t i o n s a r e shown in F i g . 7 . E r r o r a i s expected to be s m a l l and t o change slowly over the a r e a of the t a b l e . I t c a n conveniently be allowed f o r , along with the optical d i st o r t i o n s in the bubble c h a m b e r itself, in a computer p r o g r a m .
. 1 M e a s u r e m e n t of the: Shado'w of a Straight Wire
Since t h e divergence of light falling on the measuring table i s s m a l l , a w i r e s t r e t c h e d about 1 c m above the table top throws a s h a r p image on the benchmark plate. In this way, e r r o r s b through g c a n be m e a s u r e d i ndependently of a . A 10-cm-long copper w i r e w a s u s e d , s t r e t c h e d beyond the yield point to make i t as straight a s possible, and kept under tension. It w a s roughly 500 m i c r o n s i n diameter-about the s a m e a s a bubble when p r o j e c t e d on the table. An a r e a of c l e a r f i l m w a s left i n the projector to provide a background of n o r a n a l brightness. F i g . 8. R e s u l t s of t e s t m e a s u r e m e n t s on s t r a i g h t 5 0 0 -p w i r e .
shows the m e a n , and a l s o the spread, of standard deviations ( a s m e a s u r e d on the table) f o r e a c h delay setting. At a delay of about 36 psec the standard deviations a r e l e a s t , and l i e in the range 100 t o 150 microns-corresponding to 6.2 to 9.4 m i c r o n s in the film plane. This delay c o r r e s p o n d s to c o r r e c t alignment of the e l e c t r i c a l signals f r o m the 6x by recording with the optical a x i s of the p e r i s c o p e .
As a check on the computer p r o g r a m , and to discover the shape of the distribution of points, all points f r o m two m e a s u r e m e n t s w e r e plotted by hand f r o m the x , y coordinates printed out by the computer. The b e t t e r of t h e s e plots i s shown i n F i g . 9. The standard deviation w a s calculated by hand, and a g r e e d with t h e value obtained by the computer within 570.
F i g u r e 9 shows that in the ideal c a s e of a continuous 500-micron-wide shadow, a l l points obtained by SMP-1 l a y within the shadow and half lay withi n a band 200 rnlcrons wide. Since the w i r e w a s s t r e t c h e d n e a r l y p a r a l l e l to the x a x i s , the points i n the figure a r e quantized in y according to the l e a s t count of the by s c a l e r . 5.2 M e a s u r e m e n t of Actual P a r t i c l e T r a c k s on F i l m T e s t s on f i l m show that the t h r e e types of strobe c i r c u i t ( d e s c r i b e d in 3.3. a , b, and c ) produce an average of two t o s i x points p e r c m of t r a c k , depending on i t s density, using 1/4-cm p e r m i s s i v e m e a s u r e m e n t . C i r c u i t 3 . 3 . a collects many s t r o b e s even on weak t r a c k s , but a l s o gives a n a p p r eciable number of s t r o b e s due to d i r t and other clutter in "clear" a r e a s of f i l m . Circuit 3 -3 . b w a s designed to d i s c r i m i n a t e against background clutter a s L I~U C~ a s possible, a t the expense of producing fewer s t r o b e s f r o m v e r y weakly ionized t r a c k s . C i r c u i t 3.3. c , which is s t i l l being developed, m a y combine the advantages of the other two. In any c a s e , i t s e e m s likely that a filtering p r o g r a m will have little difficulty i n distinguishing a weak t r a c k f r o m c l u t t e r , even i f a s n a n y a s 25% of the points a r e due to c l u t t e r . F i g u r e 10 shows a reproduction of a r a t h e r dirty f r a m e of 7 2 -inch bubble c h a m b e r f i l m , and for comparison F i g . 11 i s a hand plot of the 190 points obtained f r o m the computer a f t e r the event in this f r a m e was m e a s u r e d by using s t r o b e c i r c u i t 3 . 3 . b . This shows that r a t h e r few points a r e contributed by c r o s s i n g t r a c k s , and apparently none by s t r a y spots on the film. 
If i t i s a s s u m e d that the distribution of points i s Gaussian
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F i g . 9 . C h a r t of e r r o r analysis for S M P m e a s u r e m e n t s on on s t r a i g h t w i r e . Before filtering. UCRL-10109
. COMPUTER PROGRAMS FOR USE O F THE SMP AS AN ON-LINE MEASURING MACHINE
In the s u m m e r a f t e r the invention of the SMP, one of the authors (JNS) studied the possible ways i n which a data-analysis s y s t e m could be designed to take advantage of the simplicity of the SMP and of the fact that both scanning and m e a s u r i n g c a n be done on the s a m e machine. The r e s u l t of this investigation was the p r o p o s a l that t h e SMP, with i t s o p e r a t o r , be r e g a r d e d a s a n on-line facility of the computer in which the o v e r a l l data analysis i s being done. 1
It was proposed that each SMP that i s connected to the computer be provided with a CRT o r typewriter with which the computer p r o g r a a could a s k for i n f o r a a t i o n needed in c a r r y i n g out the d a t a a n a l y s i s . Ancillary information such a s r o l l number, f r a~n e number, event type, e t c . , would be supplied to the computer by an on-line typewriter keyboard. Measurements of fiducial m a r k s and of t r a c k s , when requested, would be fed directly f r o m the SMP digitizers into the computer m e m o r y via the d i r e c t data channel a s the o p e r a t o r n o v e d the periscope along the image of the d e s i r e d fiducial o r t r a c k . The computer p r o g r a m would take the ancillary data and make up a s c a n l i s t f o r the l i b r a r y and would p r o c e s s the m e a s u r e m e n t s with the spacereconstruction and k i n e a a t i c a l a n a l y s i s p r o g r a n s to p r e p a r e a magnetic tape of kinematic and s t a t i s t i c a l quantities for further examination by the experim e n t e r . In the p r o c e s s of making up the s c a n l i s t and performing the analysis computations, various checks a r e m a d e on the data. If any of these checks revealed e r r o r s o r defects in the scanning o r m e a s u r e m e n t , a request f o r r e s c a n , o r remeasurecnent, would be made to the o p e r a t o r before he was i n s t r u c t e d t o go on t o t h e next event o r next f r a m e . If a m e a s u r e m e n t p e rsistently jailed the s t a n d a r d t e s t s , a physicist working at the SMP table could c a l l f o r special t e s t s o r f o r modified f o r m s of analysis to explore the c a u s e of f a i l u r e and to study the event in m o r e detail. This would be a P h y s i c i s t ' s Quest mode of operation a s c o n t r a s t e d t o t h e production mode outlined above. On a high-speed computer l i k e the IBM 7090, the r e q u i r e d analysis for an event r e q u i r e s only a few seconds of computer time, so that it i s practical t o cons i d e r p r o c e s s i n g the d a t a while the o p e r a t o r waits for the r e s u l t s .
The t i m e -s h a r i n g and computing problems have been studied and i t is e s t i m a t e d that a n IBM 709 could handle the output of t h r e e on-line S M P P s while an IBM 7090 could handle about t e n on-line S M P b ,
In o r d e r to t e s t t h e s e i d e a s two levels of p r o g r a m m i n g activity a r e under way. One involves a s e t of s m a l l independent p r o g r a m s to t e s t v a rious individual operations; the other involves a n executive p r o g r a m that will handle the t i m e -s h a r i n g and i n t e g r a t e d activity of the computer (the IBM 709 f o r now) and t h r e e S M P n s .
The f i r s t s m a l l p r o g r a m is a t e s t of the idea of on-line scanning. A F l e x o w r i t e r typewriter w a s connected to the d i r e c t data channel of the 3 0 9 f o r two-way operation and a p r o g r a m w a s written (CHIT-CHAT) that a s k s 1. J . N. Snyder, Some R e m a r k s on a Data-Analysis System Based upon the Scanning Measuring P r o j e c t o r (SMP), UCRL P h y s i c s Note 326, Aug. 2 5 , 196 1.
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(K-p interactions f r o m 0 -250 ~e v / c ) . The scanner i s to r e a d the question written on the typewriter by the computer, examine the film for the answer, and type i t on the t y p e w r i t e r . The typed c h a r a c t e r s go into the computer m e m o r y . After the scanner has checked his answer for typographical e r r o r s ( i t i s typed on h i s paper along with the computer's questions), he touches a n i n t e r r u p t switch which signals the computer t o t e s t h i s answer, s t o r e it i f c o r r e c t , and give h i m the next question. If t h e answer fails to m e e t the t e s t , t h e computer responds, "ERROR, I s and he attempts to supply the c o r r e c t answer. A copy of a typical sheet of questions and a n s w e r s i s shown in Fig. 12 . At p r e s e n t t h e r e a r e s t i l l e r r o r s i n t h e p r o g r a m ; when these a r e removed, experienced s c a n n e r s will s c a n s o m e Experiment 11 f i l m to c o m p a r e this mode of scanning with the p r e s e n t off -line scanning.
The second s m a l l p r o g r a m ingests m e a s u r e m e n t s f r o m the SMP, d i splays the m e a s u r e d points on the GRT and9 for t e s t purposes, determines t h e i r standard deviation f r o m a straight line. This p r o g r a m has been used t o t e s t the a c c u r a c y of the SMP in m e a s u r i n g i m a g e s of straight w i r e s a s des c r i b e d above in Sec. 5.
The t h i r d t e s t p r o g r a m t a k e s the raw data in the computer memory, f i l t e r s out the points that do not fit on a smooth curve through the assembly of points (the d e s i r e d t r a c k ) , and p r i n t s out a s e t of smoothed points each of which r e p r e s e n t s a n e s t i m a t e of t h e t r a n s v e r s e coordinate of a 6 -m m segment of the t r a c k . To date, thls p r o g r a m h a s "filtered" the data f r o m a few simple t r a c k s , but h a s not been exhaustively tested. F i g u r e 13 shows the raw data points f r o m a bubble chamber t r a c k and the smoothed points produced by the p r o g r a m .
Two m o r e s h o r t p r o g r a m s a r e being written. One c o r r e c t s the smoothed points f o r optical distortion produced by the projection lens of the SMP. The second p r e p a r e s the optically c o r r e c t e d data i n a f o r m a t suitable for d i r e c t c o m p a r i s o n with Franckenstein m e a s u r e m e n t s of the s a m e t r a c k . When t h e s e a r e done, the accuracy of m e a s u r e m e n t s of actual bubble chamber t r a c k s by the SMP and by Franckenstein will be directly compared.
The o v e r a l l executive p r o g r a m i s now being written for operation of t h r e e SMP's on-line t o the IBM 709. T h e r e appeared to be many ways of solving t h i s problem; the p a r t i c u l a r approach chosen will s e r v e a s a means of testing the s y s t e m and m a y be r e v i s e d a s a r e s u l t of experience.
Signals f r o m the computer t o the typewriter and f r o m the typewriter to the computer a r e c a r r i e d on the s e n s e l i n e s . The printing of a typewriter c h a r a c t e r i n t e r r u p t s the computer either t o a s k for another c h a r a c t e r of a m e s s a g e f r o m the computer o r to a s k the computer t o s t o r e a c h a r a c t e r in a m e s s a g e f r o m t h e o p e r a t o r to the computer. A special c h a r a c t e r indicates t o the computer that a m e s s a g e f r o m the o p e r a t o r i s complete and ready to be t e s t e d and s t o r e d . Another special c h a r a c t e r indicates that the operator h a s finished m e a s u r i n g a fiducial m a r k o r a t r a c k .
2~. E . Humphrey and R . R o s s , Scanning Instructions for Experiment 11, Low-Energy K -t p; UCRL P h y s i c s Note 251, J a n . 9, 196 1. . t"
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F i g . 13. Data points from a bubble cha'mber track.
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M e a s u r e m e n t data f r o m all the SMP's go through the d i r e c t data channel t o the computer m e m o r y without interrupting the computer p r o g r a m u n l e s s the space f o r data s t o r a g e i s full, whereupon the computer p r o g r a m i s i n t e r r u p t e d to s e t up a new d a t a -s t o r a g e space and s t a r t clearing out the now full s p a c e .
T h e s e connections a r e indicated in F i g . 14.
- T h e logical s t r u c t u r e of the executive p r o g r a m and processing routines i s shown i n F i g . 15. E a c h t i m e the p r o g r a m i s e n t e r e d , a s e a r c h i s made to s e e if any filtering o r deleting of raw m e a s u r e m e n t s in the raw data buffer needs t o be done. If not, then a s e a r c h i s made t o s e e i f any s h o r t p r o c e s s e s need to be done. E x a m p l e s of s h o r t p r o c e s s e s a r e c o r r e c t i o n s f o r optical distortion produced by the SMP p r o j e c t o r , formatting of data for e n t r y into PACKAGI o r t e s t s on quality of the f i l t e r e d t r a c k data. T h e s e p r o c e s s e s should be broken into s e p a r a t e s t e p s that c a n be executed in I second s o that completing one such s t e p for each SMP will allow the p r o g r a m to r e t u r n to the f i l t e r -delete loop within 3 seconds. After filtering and s h o r t processing i s done f o r a l l S M P o s then the p r o g r a m r u n s the a n a l y s i s p r o g r a m , PACKAG, f o r one SMP a t a t i m e . If no PACKAG work needs to be done the computer can s i t idle o r do other work, a s s u m i n g m e m o r y s p a c e i s available o r can be made available.
F i g u r e 16 shows the trapping sequences. A channel t r a p o c c u r s when the r a w -d a t a buffer is full of SMP data. T h e buffer a d d r e s s m u s t b e r e s e t t o z e r o and the t r a p re-enabled within 300 psec in o r d e r not t o m i s s any data. A bookkeeping routine guarantees that no instruction to m e a s u r e will be given to a n o p e r a t o r u n l e s s t h e r e i s enough r o o m in the buffer to hold his data. The f i l t e r and delete subroutines empty the buffer, and t h i s i s the r e a s o n they a r e given highest p r i o r i t y in the m a i n sequence of the executive p r o g r a m , The d i r e c t data t r a p i s e n e r g i z e d whenever the typewriter h a s a c h a ra c t e r f o r the computer. One of t h e s e c h a r a c t e r s signifies that the typewriter h a s completed typing a c h a r a c t e r and i s ready for a n o t h e r * The next c h a ra c t e r i s sent out t o t h e typewriter on t h e s e n s e l i n e s . If the p r o g r a m had been t r a p p e d out of the f i l t e r , delete, o r s h o r t p r o c e s s i n g routinesp it r et u r n s to whatever i t w a s doing when i t w a s i n t e r r u p t e d . If the p r o g r a m w a s trapped out of a long computation like PACKAG, o r s o m e other t a s k , the p r o g r a m r e t u r n s t o the beginning of the executive routine in o r d e r t o s e e i f any h i g h e r -p r i o r i t y p r o g r a m s need execution a s a r e s u l t of the action that p r o d u c e d t h e t r a p . If the c h a r a c t e r i s p a r t of a m e s s a g e to the computer f r o m the o p e ra t o r , it i s stored in the answer l i s t . If the c h a r a c t e r signifies the end of a n . a n s w e r , t h e answer i s t e s t e d and the next m e s s a g e t o the operator i s s e t up. If the c h a r a c t e r signifies that a m e a s u r e m e n t of a t r a c k o r fiducial m a r k h a s been completed, the need for filtering, deletion, o r f u r t h e r processing i s noted. A s with the f i r s t type of c h a r a c t e r , the p r o g r a m r e t u r n s to the a p p r op r i a t e place after the t r a p . The r e a s o n for the 5 -m s e c limit on the d i r e c t data t r a p routines i s that e a c h typewriter p r e s e n t s i t s code for a c h a r a c t e r t o the s e n s e l i n e s for only 2 0 m s e c , and since t h e r e a r e t h r e e typewriters, e a c h one m u s t be accommodated i n 5 m s e c in o r d e r not to l o s e a c h a r a c t e r in the w o r s t c a s e .
Yes
The act of "noting need for f i l t e r , processing, o r PACKAG" when a m e a s u r e m e n t h a s been completed a s s u m e s that when the executive p r o g r a m s e a r c h e s f o r jobs that the SMP's need to have done, they will be done a s soon as possible. The r e a s o n for desiring a s h o r t cycle t i m e for servicing each SMP on s h o r t p r o c e s s e s i s that the o p e r a t o r will not be instructed t o proceed on m e a s u r e m e n t until t h e r e i s r o o m i n the buffer for h i s new data, hence filtering m u s t be done quickly. PACKAG, on the other hand, i s r u n only a f t e r a n event h a s been completely m e a s u r e d and the o p e r a t o r can then be asked to wait f o r a s h o r t t i m e (about 20 seconds on t h e 709) t o have his event p r oc e s s e d and checked before he proceeds t o m e a s u r e the next event, o r r em e a s u r e this one. On the 7090, PACKAG will run i n 3 t o 5 seconds, and p r e sumably even l e s s than that on the 70 94.
This executive p r o g r a m i s being coded in skeletal f o r m t o have s o m ething with which t o t e s t the t h r e e SMP's now being built.
